and NaOH solutions were used for the pH adjustment of aqueous suspensions.
Deionized ultrapure water (18 Mcm) was used and prepared by a Barnstead purification system.
2) Preparation of catalyst.
Palladium nanoparticles were loaded onto TiO 2 particles using a photo-deposition method. 1 The deposition of palladium nanoparticles was (Aldrich) was added to 300 mL of deionized water. The solution was heated to 70-80°C on a hot-plate until the total volume was reduced to 50 mL, and then diluted to 300 mL. This procedure was repeated three times to remove aliphatic alcohols from the solution. The total volume of the final solution was diluted to 100 mL. Pd-TiO 2 powder was thoroughly mixed to the appropriate volume of the above Nafion solution (final concentration: 4.2 -13 mg-Nafion/g-TiO 2 ) and subsequently dried at 80°C for overnight. Although Nf/Pd-TiO 2 powder was not initially well suspended because of the hydrophobic nature of Nafion, vigorous stirring for 30 min was enough to obtain a well-suspended slurry.
3) Photocatalysts Characterization. The high-resolution transmission electron micrographs (HRTEM) and energy-filtered transmission electron micrographs (EFTEM) of Nf/Pd-TiO 2 were obtained using a JEM-2200FS microscope with Cs-
corrected. X-ray photoelectron spectra (XPS, Kratos XSAM 800pci) of Nf/Pd-TiO 2 and Pd-TiO 2 powder were obtained using the Mg K line (1253.6 eV) as the excitation source. The zeta potentials of both catalyst particles in aqueous suspension were measured using an electrophoretic light scattering spectrophotometer (ELS 8000, Otsuka).
4) Photosynthetic Experiments.
A quartz reactor (54 mL) was used for photoreaction.
Prior to the CO 2 photoreduction experiment, the aqueous suspension of Pd-TiO 2 (or Nf/Pd-TiO 2 ) was dispersed using ultra-sonication and magnetic stirrer, and the resulting suspension was illuminated for 16 h under Ar to remove carbon residues on the surface of Pd-TiO 2 (or Nf/Pd-TiO 2 ). The photosynthetic experiments were carried out in the presence of sodium carbonate, and CO 2 was purged for 30 min prior to irradiation. The initial pH of the suspension was adjusted to different values (pH 1, 3, and 11). A 300-W Xe arc lamp (Oriel) was used as a light source. Light passed through a 10-cm IR water filter and a cutoff filter (λ > 300 nm).
The amount of hydrogen sampled from the headspace of reactor was analyzed using a gas chromatograph (GC, HP6890A) equipped with a thermal conductivity detector and a 5Å molecular sieve column. CH 4 , C 2 H 6 , and C 3 H 8 were analyzed using a Varian CP-3800 gas chromatograph equipped with a CP-PoraPLOT Q capillary column (25 m × 0.25 mm) and a flame ionization detector. An isotope experiment was carried out with using Na 13 CO 3 to detect the production of 13 CH 4 : the headspace gas sampled from the reactor was ionized by 70 eV electron impact and subsequently analyzed by a quadrupole mass spectrometer (QMI 422, Pfeiffer Vacuum) under a vacuum (1.0 × 10 -5 mbar).
The incident photon intensity (I in ) was measured to be 2. light intensity was recorded every minute by using a pyranometer (Apogee, PYR-P).
A flat circular quartz reactor (diameter 5.5 cm, volume 63 mL) was used for the experiment.
